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ORGANIC LIGHT EMITTING DIODE
INCLUDING ORGANIC LAYER
COMPRISING ORGANIC METAL COMPLEX

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2006-0110534 filed on
Now. 9, 2006, and Korean Patent Application No. 10-2007-
0018089 filed on Feb. 22, 2007, each filed in the Korean
Intellectual Property Office, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to organic light emitting
diodes including organic layers comprising organic metal
complexes. More particularly, the invention is directed to
organic light emitting diodes including organic layers com-
prising oligomer type organic metal complexes.

2. Description of the Related Art

Organic light emitting diodes (OLEDs) are self-emissive
light-emitting devices. OLEDs have wide viewing angles,
good contrast and quick response time, and implement full
color images.

In a conventional organic light emitting diode, an anode is
formed on a substrate. A hole transport layer, an emissive
layer, an electron transport layer and a cathode are sequen-
tially formed on the anode. When a current is applied to the
anode and the cathode, electrons injected from the cathode
migrate to the emissive layer via the electron transport layer.
The electrons are recombined in the emissive layer with holes
injected from the anode to generate excitons. When the exci-
tons drop from an excited state to a ground state, light is
emitted from the emissive layer, thereby forming an image.
An exciton can be in one of two states: singlet or triplet. The
light that is emitted when excitons drop to the ground state
from a singlet excitation state is referred to as “fluorescence.”
The light that is emitted when excitons drop to the ground
state from a triplet excitation state is referred to as “phospho-
rescence.” Fluorescence having a 25% probability of a singlet
excitation state (triplet excitation state: 75%) has low lumi-
nous efficiency, whereas phosphorescence having a 25%
probability of a singlet excitation state and a 75% probability
of a triplet excitation state can theoretically have an internal
quantum efficiency of about 100%. However, in conventional
organic light emitting diodes, it is difficult to obtain satisfac-
tory electrical properties.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, an organic
light emitting diode includes an organic layer comprising an
oligomer type organic metal complex.

According to an embodiment of the present invention, an
organic light emitting diode includes a first electrode, a sec-
ond electrode and an organic layer positioned between the
first electrode and the second electrode. In one embodiment,
the organic layer is formed of an organic metal complex
represented by Formula 1 below.

M(@L),1, Formula (1)

InFormula 1, L is an anionic ligand, M is a metal that can be
five-coordinated or six-coordinated with L, and a is an integer
ranging from 2-4.
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2

An organic light emitting diode according to one embodi-
ment of the present invention that includes the organic layer
formed of an organic metal complex represented by Formula
1 as described above has good electrical properties.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by reference to the
following detailed description when considered in conjunc-
tion with the attached drawings in which:

FIG. 1 is a graph illustrating mass analysis data of an
organic metal complex according to one embodiment of the
present invention;

FIG. 2 is a graph illustrating Thermogravimetric Analysis
(TGA) of an organic metal complex according to one embodi-
ment of the present invention;

FIG. 3 is a graph of Digital Scanning Calorimetry (DSC) of
an organic metal complex according to one embodiment of
the present invention;

FIG. 4 is a cross-sectional view of an organic light emitting
diode according to one embodiment of the present invention;

FIG. 5 is a graph comparing the voltages with respect to
current density of organic light emitting diodes prepared
according to Examples 1 and 2 and the Comparative
Example;

FIG. 6 is a graph comparing the luminance with respect to
efficiency of organic light emitting diodes prepared according
to Examples 1 and 2 and the Comparative Example;

FIG. 7 is a graph comparing the lifetimes of organic light
emitting diodes prepared according to Examples 1 and 2 and
the Comparative Example;

FIG. 8 is a graph comparing the Electroluminescence (EL)
spectra of organic light emitting diodes prepared according to
Examples 1 and 2 and the Comparative Example;

FIG. 9is a graph of the efficiencies of organic light emitting
diodes prepared according to Examples 3 and 4;

FIG. 10 is a graph of the current densities with respect to
voltage of organic light emitting diodes prepared according to
Examples 3 and 4;

FIG. 11 is a graph of the lifetimes of organic light emitting
diodes prepared according to Examples 3 and 4; and

FIG. 12 is a graph of the Electroluminescence (EL) spectra
of organic light emitting diodes prepared according to
Examples 3 and 4.

DETAILED DESCRIPTION OF THE INVENTION

According to one embodiment of the present invention, an
organic light emitting diode includes an organic layer formed
of'an organic metal complex represented by Formula 1 below.

ML)l

InFormula 1, M is a core metal, L is aligand coordinated with
the core metal M, and a is an integer ranging from 2-4. Since
the organic metal complex is represented by Formula 1 in
which a is an integer ranging from 2-4, the organic metal
complex may be an oligomer, and not a monomer.

In Formula 1, M is a metal that can be five-coordinated or
six-coordinated with L. Therefore, the organic metal complex
of Formula 1 can be a type of oligomer having at least 2 core
metals (M). The at least 2 core metals (M) can simultaneously
bind one ligand. Nonlimiting examples of core metals (M)
include Zn, Co, Ni, and Fe.

In Formula 1, L is an anionic ligand, and can be coordi-
nated with at least one core metal M.

Formula (1)
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In one exemplary embodiment, [. can be represented by
Formula 2 or 3 below.

Formula (2)
A C—0O
/N
X *
XZ ~ N‘ - 4*
B
Formula (3)

In Formula 3, the ligand has a total of 3 binding sites, and can
bind 2 core metals M (for example, refer to Formulae 4, 5, 6
and 7 below). Accordingly, an oligomer type organic metal
complex as represented by Formula 1 can be obtained.

In Formulae 2 and 3, A, B, C and D may each indepen-
dently be an aromatic ring or a heteroaromatic ring. In one
embodiment, for example, A, B, C and D may each indepen-
dently be an aromatic ring having 5-20 ring members or a
heteroaromatic ring having 5-20 ring members.

Nonlimiting examples of suitable materials for A, B, Cand
D include benzene, pentalene, indene, naphthalene, azulene,
heptalene, biphenylene, indacene, acenaphthylene, fluorene,
phenalene, phenanthrene, anthracene, fluoranthene, triph-
enylene, pyrene, chrysene, naphthacene, picene, perylene,
pentaphene, hecacene, pyrrole, imidazole, pyrazole, isothia-
zole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine,
isoindole, indole, indazole, purine, quinoline, phthalazine,
naphthyridine, quinoxaline, quinazoline, cinnoline, carba-
zole, phenanthridine, acridine, perimidine, phenanthroline,
phenazine, phenothiazine, phenoxazine, benzothiazole, ben-
zooxazole and benzoimidazole.

According to an embodiment of the present invention, A
and C in Formulae 2 and 3 may each independently be ben-
zene or naphthalene. Also, B and D may be selected from
pyridine, benzothiazole, benzooxazole, quinoline and ben-
zoimidazole.

In one embodiment of the present invention, A and B can be
bound to each other in a variety of ways, for example, by a
single bond as shown or by being fused with each other.
Likewise, C and D can be bound to each other in a variety of
ways, for example, by a single bond as shown or by being
fused with each other.

Each of A, B, C and D may each independently have a
substituent, nonlimiting examples of which include hydrogen
atoms, halogen atoms, hydroxyl groups, cyano groups, sub-
stituted and unsubstituted C,-C,, alkyl groups, substituted
and unsubstituted C,-C;, alkoxy groups, substituted and
unsubstituted C,-C;, acyl groups, substituted and unsubsti-
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tuted C,-C,;, alkenyl groups, substituted and unsubstituted
C,-C;, alkynyl groups, substituted and unsubstituted C,-C;,
aralkyl groups, substituted and unsubstituted C,-C,, aryl
groups, and substituted and unsubstituted C5-C,, heteroaryl
groups.

InFormulae 2 and 3, X, X,, X, and X, may each indepen-
dently be C, N, O, S or P.

In Formulae 2 and 3, * is a site that binds M.

In one exemplary embodiment, a compound represented
by Formula 1 can be represented by Formula 4, 5 or 6 below.

Formula (4)

Formula (5)

Formula (6)

FIG. 1 illustrates mass analysis data of an organic metal
complex represented by Formula 4.
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One exemplary compound satisfying Formula 1 can be
represented by Formula 7 below. Formula (8)

Formula (7)
N 0—
[ e
= 10 \O /
2

Nax Pgplr(acac)
15 _ _ Formula (9)
/ N

20

w

The organic metal complex described above has high ther-
mal stability. For example, FIG. 2 is a graph of Thermogravi-
metric Analysis (TGA) of the organic metal complex of For-
mula 4, and FIG. 3 is a graph of Digital Scanning Calorimetry L -3
(DSC) of the organic metal complex of Formula 4. As shown »s Formula (10)
in FIGS. 2 and 3, the organic metal complex according to one
embodiment of the present invention has high thermal stabil-
ity, and thus can be suitable for an organic layer of an organic
light emitting diode.

An organic metal complex according to one embodiment
of the present invention can be used in an organic layer of an
organic light emitting diode, particularly as an emissive layer.
Here, the emissive layer can further include a phosphorescent
dopant, and the organic metal complex can be used as a host. 35
The phosphorescent dopant is not particularly limited, and
can be any known phosphorescent dopant. Nonlimiting
examples of the phosphorescent dopant include organic metal
complexes including Ir, Pt, Os, Re, Ti, Zr or Hf. In one
embodiment, the phosphorescent dopant includes Ir or Pt.
When an organic metal complex comprising 4-coordinate Pt
is used as a phosphorescent dopant, an emissive layer can be
formed at a relatively low deposition temperature. Thus, an
organic light emitting diode having high efficiency and long 45
lifetime can be highly mass-produced.

Nonlimiting examples of suitable phosphorescent dopants Formula (12)
include bisthienylpyridine acetylacetonate Iridium, bis(ben- AN
zothienylpyridine)acetylacetonate Iridium, Bis(2-phenyl- |
benzothiazole)acetylacetonate Iridium, bis(1-phenyliso- 2N
quinoline) Iridium acetylacetonate, tris(1- N
phenylisoquinoline) Iridium, tris(phenylpyridine) Iridium, L~
tris(2-biphenyl pyridine) Iridium, tris(3-biphenyl pyridine)
Iridium, tris(4-biphenyl pyridine) Iridium, Ir(pq),(acac) rep- 55
resented by Formula 8 below where pq is 2-phenylquinoline L _;
and acac is acetylacetone, Ir(ppy); represented by Formula 9 Formula (13)
below where ppy is phenyl pyridine, platinum(Il)octaeth- AN
ylporphyrin (PtOEP), compounds represented by Formula 10 |
below, Firpic represented by Formula 11 below, Ir(piq), rep- 60
resented by Formula 12 below, Ir(piq),acac represented by \Ir/
Formula 13 below where piq is phenylisoquinoline, com- LN\ /
pounds represented by Formula 14 below, compounds repre- ©
sented by Formula 15 below, compounds represented by For- 45
mula 16 below, compounds represented by Formula 17 below — =
and combinations thereof.

30

Formula (11)

40
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-continued

Formula (14)

Formula (15)

Formula (16)

Formula (17)

When the organic metal complex according to one embodi-
ment of the present invention acts as a host by being used with
the phosphorescent dopant, the emissive layer of the organic
light emitting diode can further include a second host. Non-
limiting examples of suitable second hosts include CBP(4,4-
N,N-dicarbazole-biphenyl), Alg3(Aluminum tris(8-hydrox-
yquinoline)), BAlq and BeBq and combinations thereof.

The second host may be present in an amount ranging from
about 50 to about 150 parts by weight based on 100 parts by
weight of the organic metal complex. In one embodiment, the
second host is present in an amount ranging from about 90 to
about 110 parts by weight based on 100 parts by weight of the
organic metal complex. When the amount of the second host
is within this range, proper charge balance can be obtained.
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8

According to another embodiment of the present invention,
in addition to the emissive layer described above, the organic
light emitting diode can further include a hole injection layer,
a hole transport layer, an electron transport layer, an electron
injection layer or a combination thereof. Although the organic
metal complex according to one embodiment is used with a
phosphorescent dopant (and optionally with a second host)
for the emissive layer, the organic metal complex has good
electron transport properties and therefore need not further
include a hole blocking layer, which is used in conventional
organic light emitting diodes. By not including a hole block-
ing layer, an organic light emitting diode having low driving
voltage, high efficiency, good luminescence and long lifetime
can be obtained.

According to another embodiment of the present invention,
a method of manufacturing an organic light emitting diode is
provided. FIG. 4 is a cross-sectional view of an organic light
emitting diode according to one embodiment of the present
invention. Referring to FIG. 4, an organic light emitting diode
according to one embodiment includes a substrate on which is
formed a first electrode, a hole injection layer (HIL), a hole
transport layer (HTL), an emissive layer (EML), an electron
transport layer (ETL), an electron injection layer (EIL) and a
second electrode.

The first electrode is first formed on the substrate. The
substrate is any substrate used in conventional organic light
emitting devices and may be a glass substrate or a plastic
substrate having good transparency, surface smoothness,
manageability and waterproofness. The first electrode can be
atransparent electrode, areflective layer or the like, formed of
a high conductive metal such as Li, Mg, Al, Al—Li, Ca,
Mg—In, Mg—Ag, Ca—Al, AI—ITO, ITO, IZO or the like.

Next, the hole injection layer (HIL) can be formed on the
first electrode using various known methods such as vacuum
deposition, spin coating, casting, the Langmuir Blodgett (LB)
process, or the like.

When the HIL is formed by vacuum deposition, the
vacuum deposition conditions may vary according to the
compound used to form the HIL, and the desired structure and
thermal properties of the HIL to be formed. In general, how-
ever, the vacuum deposition may be performed at a deposition
temperature ranging from about 100° C. to about 500° C., a
pressure ranging from about 10~% to about 107> torr, and a
deposition speed ranging from about 0.01 to about 100 A/sec.

When the HIL is formed by spin coating, the coating con-
ditions may vary according to the compound that is used to
form the HIL, and the desired structure and thermal properties
of the HIL to be formed. In general, however, the coating
speed may range from about 2,000 to about 5,000 rpm, and
the temperature for heat treatment (which is performed to
remove a solvent after coating) may range from about 80 to
about 200° C.

The HIL is not particularly limited and can be formed of
any known hole injection material. Nonlimiting examples of
suitable materials for use as the HIL include copper phthalo-
cyanine (CuPc) and Starburst-type amines such as TCTA,
m-MTDATA, IDE406 (fabricated by IDEMITZ), Polya-
niline/Dodecylbenzenesulfonic acid (Pani/DBSA) and Poly
(3,4-ethylenedioxythiophene)/Poly(4-styrenesulfonate (PE-
DOT/PSS) and the like.
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-continued

PEDOT/PSS

The thickness of the HIL. may range from about 20 to about
200 nm. In one embodiment, for example, the thickness ofthe
HIL ranges from about 40 to about 150 nm. When the thick-
ness of the HIL is within these ranges, the HIL has excellent
hole injecting abilities and excellent driving voltage proper-
ties.

Next, the hole transport layer (HTL) can be formed on the
HIL by vacuum deposition, spin coating, casting, LB, or the
like. When the HTL is formed by vacuum deposition or spin
coating, the deposition and coating conditions are similar to
those used for the formation of the HIL, although the depo-
sition and coating conditions may vary according to the mate-
rial that is used to form the HTL.

The HTL is not particularly limited and can be formed of
any known hole transport material. Nonlimiting examples of
suitable materials for use as the HTL include 1,3,5-tricarba-
zolylbenzene, 4,4'-biscarbazolylbiphenyl, polyvinylcarba-
zole, m-biscarbazolylphenyl, 4,4'-biscarbazolyl-2,2'-dimeth-
ylbiphenyl, 4,4'.4"-tri(N-carbazolyl)triphenylamine, 1,3,5-
tri(2-carbazolylphenyl)benzene, 1,3,5-tris(2-carbazolyl-5-
methoxyphenyl)benzene, bis(4-carbazolylphenyl)silane,
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]|-4,
4'-diamine (TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a.-NPD), N,N'-diphenyl-N,N'-bis(1-naphthyl)-(1,
1'-biphenyl)-4,4'-diamine (NPB), poly(9,9-dioctylfluorene-
co-N-(4-butylphenyl)diphenylamine (TFB), poly(9,9-dio-
ctylfluorene-co-bis-(4-butylphenyl-bis-N,N-phenyl-1,4-
phenylenediamine (PFB) and the like.

.
avats
o

TPD



US 9,150,783 B2

11

-continued

GO0

a-NPD

The thickness of the HTL. may range from about 10 to
about 100 nm. In one embodiment, for example, the thickness
of the HTL ranges from about 20 to about 60 nm. When the
thickness of the HTL is within these ranges, the HTL has
excellent hole transporting abilities and excellent driving
voltage properties.

Next, the emissive layer (EML) can be formed on the HTL
by vacuum deposition, spin coating, casting, LB, or the like.
When the EML is formed by vacuum deposition or spin
coating, the deposition and coating conditions are similar to
those used for the formation of the HIL, although the depo-
sition and coating conditions may vary according to the mate-
rial that is used to form the EML. Here, the EML can include
an organic metal complex represented by Formula 1
described above, and can further include a phosphorescent
dopant and/or additional host, as described above.

The amount of the phosphorescent dopant may range from
about 0.1 to about 20 parts by weight based on 100 parts by
weight of an emissive layer forming material (that is, 100
parts by weight is the total weight of the organic metal com-
plex, which is a host, and the phosphorescent dopant). In one
embodiment for example, the amount of phosphorescent
dopant ranges from about 0.5 to about 15 parts by weight.
When the amount of the phosphorescent dopant is greater
than about 0.1 parts by weight, the effect of the addition of the
dopant can be obtained. When the amount of the phosphores-
cent dopant is less than about 20 parts by weight, concentra-
tion quenching can be prevented.

The thickness of the EML. may range from about 10 to
about 60 nm. In one embodiment, for example, the thickness
ranges from about 15 to about 50 nm. When the thickness of
the EML is within these ranges, excellent lifetime and driving
voltage properties can be obtained.

Next, the electron transport layer (ETL) can be formed on
the EML by vacuum deposition, spin coating, casting, LB, or
the like. When the ETL is formed by vacuum deposition or
spin coating, the deposition and coating conditions are, in
general, similar to those used for the formation of the HIL,
although the deposition and coating conditions may vary
according to the material that is used to form the ETL. One
nonlimiting examples of a suitable material for the ETL
includes tris(8-quinolinorate)aluminum (Alqs).

The thickness of the ETL. may range from about 10 to about
40 nm. In one embodiment, for example, the thickness ranges
from about 25 to about 35 nm. When the thickness of the ETL
is greater than about 10 nm, an excellent charge imbalance
due to proper electron transporting speed can be obtained. In
addition, when the thickness of the ETL is less than about 40
nm, an excellent driving voltage of the organic light emitting
diode may be obtained.

Next, the electron injection layer (EIL) can be formed on
the ETL by vacuum deposition, spin coating, casting, L.B, or
the like. When the EIL is formed by vacuum deposition or
spin coating, the deposition and coating conditions are, in
general, similar to those used for the formation of the ETL,
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although the deposition and coating conditions may vary
according to the material that is used to form the EIL.
Nonlimiting examples of suitable materials for the EIL

include BaF,, LiF, NaCl, CsF, Li,O, BaO, Liq and the like.
5
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15
The thickness of the EIL may range from about 0.2 to about

1 nm. In one embodiment, for example, the thickness ranges

from about 0.2 to about 0.5 nm. When the thickness of the EIL

is within these ranges, excellent electron injecting abilities
20 and driving voltages can be obtained.

Finally, the second electrode can be formed by depositing
a material for forming the second electrode on the EIL to
complete the organic light emitting diode according to one
embodiment of the present invention.

The material for forming the second electrode may be a
highly conductive transparent metal oxide such as ITO, [ZO,
SnO,, ZnO or the like. Alternatively, the second electrode
may be a transparent electrode, a reflective electrode or the
like that is formed as a thin film. Nonlimiting examples of
suitable materials for the thin film include Li, Mg, Al, A1,
Ca, Mg—In, Mg—Ag, Ca—Al and the like.

The first and second electrodes may act as an anode and a
cathode.

Although an organic light emitting diode according to one
embodiment of the present invention and a method of manu-
facturing the same have been described with reference to the
structure illustrated in FIG. 4, it is understood that the struc-
ture of the organic light emitting diode according to the
40 present invention is not limited to that illustrated in FIG. 4.

The organic light emitting diodes according to the present
invention can be used in various types of flat display devices,
for example, passive matrix organic light emitting devices
and active matrix organic light emitting devices. In particular,
when the organic light emitting diodes are used in passive
matrix organic light emitting devices, the first electrode can
be electrically connected to a source electrode or drain elec-
trode of a thin film transistor in the organic light emitting

device.
50

25

35

EXAMPLES

The present invention will now be described with reference
to the following examples. However, it is understood that the
following examples are presented for illustrative purposes
only and are not intended to limit the scope of the invention.

Example 1
60 A substrate having a thickness of 100 nm (Aluminium and
ITO)(manufactured by SDI) as an anode was cut to a size of
50 mmx50 mmx0.7 mm and was ultrasonically washed in
isopropyl alcohol and pure water, respectively, for 5 minutes,
and then washed with UV and ozone for 30 minutes.

A hole injection layer having a thickness of 60 nm was
formed on the anode using m-TDATA as a hole injecting
material. Then, NPB as a hole transporting material was
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deposited on the hole injection layer to form a hole transport
layer having a thickness of 20 nm.

92 parts by weight of the organic metal complex repre-
sented by Formula 4 as a host and 8 parts by weight of
Ir(piq),acac as a phosphorescent dopant were deposited on
the hole transport layer to form an emissive layer having a
thickness of 30 nm. Then, Alg3 having a thickness of 30 nm
was formed on the emissive layer to form an electron trans-
port layer. Liq was deposited on the electron transport layer to
form an electron injection layer having a thickness 0 0.5 nm.
Then, MgAg having a thickness of 150 nm was formed as a
cathode to complete the manufacture of an organic light emit-
ting diode.

Example 2

An organic light emitting diode was manufactured as in
Example 1, except that the emissive layer included 50 parts by
weight of the organic metal complex represented by Formula
4 as a first host, 50 parts by weight of CBP as a second host
and 8 parts by weight of Ir(piq),acac as a phosphorescent
dopant.

Comparative Example

An organic light emitting diode was manufactured as in
Example 1, except that the emissive layer included 92 parts by
weight of CBP as a host and 8 parts by weight of Ir(piq),acac
as a phosphorescent dopant.

Evaluation Results

Current density, efficiency and lifetime of the organic light
emitting diodes of Examples 1 and 2 and the organic light
emitting diode of the Comparative Example were evaluated
using a PR650 (Spectroscan) Source Measurement Unit and
McScience Polaronix M6000. The results are shown in FIGS.
5, 6 and 7, respectively.

Referring to FIG. 5, it can be seen that the organic light
emitting diodes of Examples 1 and 2 according to the present
invention have higher current density (mA/cm?) as compared
to the organic light emitting diode of Comparative Example.

Referring to FIG. 6, it can be seen that the organic light
emitting diodes of Examples 1 and 2 according to the present
invention have higher efficiency compared to the organic light
emitting diode of the Comparative Example.

Referring to FIG. 7, it can be seen that the organic light
emitting diodes of Examples 1 and 2 according to the present
invention have longer lifetimes compared to the organic light
emitting diode of the Comparative Example.

Electroluminescence (EL) spectra of the organic light
emitting diodes of Examples 1 and 2 and the organic light
emitting diode of Comparative Example were evaluated
using a Spectra Radiometer (PR650, Photo Researcher Inc.)
(measured at 5 V), and the results are shown in FIG. 8.
Referring to FIG. 8, it can be seen that the organic light
emitting diodes of Examples 1 and 2 and the organic light
emitting diode of Comparative Example exhibit red emission
where a maximum emission peak is observed at about 630
nm.

Example 3

An organic light emitting diode was manufactured as in
Example 1, except that the emissive layer included 92 parts by
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weight of the organic metal complex represented by Formula
4 as ahost and 8 parts by weight of the organic metal complex
represented by Formula 14 as a phosphorescent dopant.

Example 4

An organic light emitting diode was manufactured as in
Example 1, except that the emissive layer included 90 parts by
weight of the organic metal complex represented by Formula
4 as a host and 10 parts by weight of the organic metal
complex represented by Formula 14 as a phosphorescent
dopant.

Evaluation

Efficiency, current density and lifetime of the organic light
emitting diodes of Examples 3 and 4 were evaluated using a
PR650 (Spectroscan) Source Measurement Unit and
McScience Polaronix M6000. The results are shown in FIGS.
9,10 and 11, respectively.

Referring to FIG. 9, it can be seen that the organic light
emitting diodes of Examples 3 and 4 all have high efficien-
cies.

Referring to FIG. 10, it can be seen that the organic light
emitting diodes of Examples 3 and 4 all have high current
densities (mA/cm?).

Referring to FIG. 11, it can be seen that the organic light
emitting diodes of Examples 3 and 4 all have long lifetimes.

EL spectra of the organic light emitting diodes of Examples
3 and 4 were evaluated using a Spectra Radiometer (PR650,
Photo Researcher Inc.) (measured at 5 V), and the results are
shown in FIG. 12. Referring to FIG. 12, it can be seen that the
organic light emitting diodes of Examples 3 and 4 exhibit red
emission where a maximum emission peak is observed at
about 630 nm.

The oligomer-type organic metal complexes according to
the present invention can be used as a phosphorescent dopant
or as a host. Organic light emitting diodes employing the
oligomer-type organic metal complexes according to the
present invention have high current density, good lumines-
cence, high current efficiency, long lifetime and the like.

While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made to the
described embodiments without departing from the spirit and
scope of the present invention as defined by the following
claims.

What is claimed is:

1. An organic light emitting diode comprising:

a first electrode;

a second electrode; and

an organic layer positioned between the first and second
electrodes, wherein the organic layer comprises a host
and a phosphorescent dopant, the host comprising an
organic metal complex represented by Formula 1:

IM(L)2],

wherein M is a metal that can be five-coordinated or six-

coordinated with the Ls, a is an integer ranging from 2 to

4, and each L is an anionic ligand independently selected

from the group consisting of ligands represented by
Formulae 2 and 3:

Formula (1)
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Formula (2)
A C—O
/N
X *
, k
XZ\N’/
B
Formula (3)

wherein each of A, B, C and D is independently selected

from the group consisting of aromatic rings having from
5 to 20 ring members, and heteroaromatic rings having
from 5 to 20 ring members, wherein each of X, X,, X,
and X, is independently selected from the group con-

sisting of C, N, O, S or P, * is a site that binds M, A and

B are bound to each other by a single bond, and C and D
are bound to each other by a single bond.

2. The organic light emitting diode of claim 1, wherein M

is selected from the group consisting of Zn, Ni, Co and Fe.

3. The organic light emitting diode of claim 1, wherein
each of A, B, C and D is independently selected from the
group consisting of benzene, pentalene, indene, naphthalene,
azulene, heptalene, biphenylene, indacene, acenaphthylene,
fluorene, phenalene, phenanthrene, anthracene, fluoranthene,

triphenylene, pyrene,

chrysene,

naphthacene,

picene,

perylene, pentaphene, hecacene, pyrrole, imidazole, pyra-
zole, isothiazole, isoxazole, pyridine, pyrazine, pyrimidine,
pyridazine, isoindole, indole, indazole, purine, quinoline,
phthalazine, naphthyridine, quinoxaline, quinazoline, cinno-

line, carbazole,

phenanthridine,

acridine,

perimidine,

phenanthroline, phenazine, phenothiazine, phenoxazine,
benzothiazole, benzooxazole and benzoimidazole.

4. The organic light emitting diode of claim 1, wherein
each of A and C is independently selected from the group
consisting of benzene and naphthalene.

5. The organic light emitting diode of claim 1, wherein
each of B and D is independently selected from the group
consisting of pyridine, benzothiazole, benzooxazole, quino-

line and benzoimidazole.

6. The organic light emitting diode of claim 1, wherein the
organic metal complex represented by Formula 1 is selected
from the group consisting of complexes represented by For-

mulae 4 and 5:
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Formula (4)
S,
S,

/
N /

5 N

. O \

Zn‘ e \‘\\ o

6
9
g

Formula (5)

7. An organic light emitting diode comprising:

a first electrode;

a second electrode; and

an organic layer positioned between the first and second
electrodes, wherein the organic layer comprises an emis-
sive layer comprising a first host and a phosphorescent
dopant, the first host comprising an organic metal com-

plex represented by Formula 1:

ML)zl Formula (1)

wherein M is a metal that can be five-coordinated or six-

coordinated with the Ls, a is an integer ranging from 2 to
4, and each L is an anionic ligand independently selected
from the group consisting of ligands represented by
Formulae 2 and 3:

Formula (2)
A C—O
/N
Xl *
X, ~ JE
B
Formula (3)
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wherein each of A, B, C and D is independently selected
from the group consisting of aromatic rings having from
5 to 20 ring members, and heteroaromatic rings having
from 5 to 20 ring members, wherein each of X, X,, X,
and X, is independently selected from the group con-
sisting of C, N, O, S or P, * is a site that binds M, A and
B are bound to each other by a single bond, and C and D
are bound to each other by a single bond.

8. The organic light emitting diode of claim 7, wherein the
phosphorescent dopant comprises an organic metal complex
comprising a metal selected from the group consisting of Ir,
Pt, Os, Re, Ti, Zr and Hf.

9. The organic light emitting diode of claim 7, wherein the
phosphorescent dopant comprises an organic metal complex
comprising Ir.

10. The organic light emitting diode of claim 9, wherein the
phosphorescent dopant is selected from the group consisting
of bisthienylpyridine acetylacetonate Iridium, bis(benzothie-
nylpyridine)acetylacetonate Iridium, bis(2-phenylbenzothia-
zole)acetylacetonate Iridium, bis(1-phenylisoquinoline) Iri-
dium acetylacetonate, tris(1-phenylisoquinoline) Iridium,
tris(phenylpyridine) Iridium, tris(2-biphenylpyridine) Iri-
dium, tris(3-biphenylpyridine) Iridium, tris(4-biphenylpyri-
dine) Iridium, Ir(pq),(acac) represented by Formula 8 where
pq is 2-phenylquinoline and acac is acetylacetone, Ir(ppy),
represented by Formula 9 where ppy is phenyl pyridine, com-
pounds represented by Formula 10, Firpic represented by
Formula 11, Ir(piq); represented by Formula 12, Ir(piq),acac
represented by Formula 13 where piq is phenylisoquinoline,
and combinations thereof:

Formula (8)
=N O—
I /
~._/
O
2
Pg,lr(acac)
_ _ Formula (9)
9
AN
\ Ir
/
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-continued
Formula (10)
Formula (11)
I
/
O
F
_ _ Formula (12)
®
PN
Ir
— =13
_ _ Formula (13)
9
P O=—
\ Ir/ .
-\ /

11. The organic light emitting diode of claim 7, wherein the
emissive layer further comprises at least one second host
selected from the group consisting of CBP, Alg3, BAlq and
Bebq.

12. The organic light emitting diode of claim 11, wherein
the at least one host is present in an amount ranging from
about 50 to about 150 parts by weight based on 100 parts by
weight of the organic metal complex represented by Formula
1.

13. The organic light emitting diode of claim 7, wherein the
organic layer further comprises at least one layer selected
from the group consisting of a hole injection layer, a hole
transport layer, an electron transport layer and an electron
injection layer.

14. The organic light emitting diode of claim 7, wherein the
phosphorescent dopant comprises an organic metal complex
comprising Pt.

15. The organic light emitting diode of claim 14, wherein
the phosphorescent dopant is selected from the group con-
sisting of platinum(H)octaethylporphyrin (PtOEP), com-
pounds represented by Formula 14, compounds represented
by Formula 15, compounds represented by Formula 16, com-
pounds represented by Formula 17, and combinations thereof



US 9,150,783 B2

-continued

Formula (14) Formula (16)

5

—N, N—
/ Pt'\
O O
10
Formula (17)

15
Formula (15)
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